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Summary The current review critically analyzes obe-
sity as an important risk factor for increased predis-
position towards coronavirus disease 2019 (COVID-
19), its severity and causal death in current pandemic.
Countries with higher prevalence of exposed obese in-
dividuals experienced the highest number of mortali-
ties. The analysis also proved that individuals having
more adipose tissue in body have a higher level of an-
giotensin-converting enzyme 2 (ACE2), which is iden-
tified as functional receptor for COVID-19. Therefore,
obese individuals are worse in condition because of
a higher presence of adiposity increases the number
of ACE2 expressing cells. Furthermore, in silico inter-
actions of ACE2 and different variants of coronavirus
2 (CoV-2) spike S1 protein suggest that mutant strains
are more infectious than wildtype as they bind to host
ACE2 protein with high binding affinities. Certain spe-
cific cancers including cervical cancer, pancreatic and
rectal adenocarcinomas have more expression of such
receptors and pose additional risk to already immuno-
compromised cancer patients. This review empha-
sizes obesity, as the covert risk factor of COVID-19
infection and sensitizes about of calorie restrictions,
immunity building and preventive measures.
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Introduction

Coronavirus disease 2019 (COVID-19) is currently
a breakneck pandemic which almost all the nations
are suffering from right now worldwide. Coronavirus
belong to the Coronaviridae family, Orthocoronaviri-
nae subfamily and the order Nidovirales. The o-coro-
navirus, -coronavirus, y-coronavirus, and &-coron-
aviruses belong to the Orthocoronavirinae subfamily
[1]. Normally, coronaviruses cause zoonotic infec-
tions; however, in the last decades they have shown
evidence of infections among human as well [2]. The
evidence of the coronavirus lethality, when they cross
the barrier, and infect human beings was proved by
the epidemic of severe acute respiratory syndrome
(SARS) and Middle East respiratory syndrome (MERS)
in 2002 and 2012, respectively [2]. The two viruses
SARS-CoV and MERS-CoV belong to the p-coron-
avirus genus [3]. Recently, in late 2019, a novel flu-like
coronavirus (SARS-CoV-2) closely linked to SARS and
MERS was reported in China [4, 5] with the evidence
of transmission between human to human having
close contacts [6]. The genome of coronaviruses is
a single stranded positive sense RNA, which is typical
genome structure of f-coronavirus similar to the ear-
lier SARS and MERS coronaviruses [7]. More than 82%
similarity was observed between the SARS-CoV-2 and
SARS-CoV, hence the name SARS-CoV-2 was given [8,
9]. The World Health Organization (WHO) declared
COVID-19 to be a public health emergency of interna-
tional concern (PHEIC) and declared it as pandemic
on 30 January 2020. To date, the line of treatment
is basically symptomatic as there is no confirmed
treatment and vaccine for this illness [10-14].
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The comorbidities associated with COVID-19-re-
lated deaths are all found under the category of obe-
sity comorbidities, such as hypertension, type 2 dia-
betes, cardiovascular diseases. This article is focused
to understand the crosstalk between angiotensin-
converting enzyme 2 (ACE2) and SARS-CoV-2 spike
protein and positive association between obesity with
mortality and morbidities of the disease.

Material and methods
Literature search and selection

The articles were searched in online databases, in-
cluding PubMed, Google Scholar and Web of Science,
from March 2020 to May 2020 by using the following
keywords: SARS-CoV-2, COVID-19, obesity, clinical
characteristics and comorbidities. There were no re-
strictions in language and study population in the on-
line search of literature and only the online published
literature was used for better accuracy of manuscripts
available.

Inclusion and exclusion criteria

The manuscripts having elaborated study design,
study population, patients diagnosed with COVID-
19 along with comorbidities associated with obesity
were selected for analysis. There was no restriction in
the sample size of the selected literature because of
the limited number of research based on COVID-19
and obesity. Research findings based on newspaper
and online sources, also without authentic publishers
were excluded.

Data extraction and quality assessment

According to the inclusion and exclusion criteria, in-
formation on comorbidities, number of confirmed
cases and death along with prevalence of obesity in
the study were tabulated. For the COVID-19 updated
cases and country-wise obesity prevalence percent-
ages from the World Health Organization website was

utilized. Variables were compared with the different
manuscripts published from different countries from
specific geographic locations.

Interaction of host ACE2 and SARS-CoV-2 spike
protein

Experimentally solved structure of full length ACE2
in complex with receptor binding domain (RBD) of
SARS-CoV-2 was taken from the protein data bank
(PDB ID:6M17) which was resolved at 2.9A resolution
[15, 16]. Targeted complex and mutated SARS-CoV-2
spike proteins were prepared in PyMOL (The PyMOL
Molecular Graphics System, Version 1.3 Schrodinger,
LLC). Structures were energy minimized in SwisPDB
Viewer followed by protein-protein docking at ClusPro
docking server [17-19]. All visualizations were made
at PyMOL (PyMOL Molecular Graphics System, Ver-
sion 1.3 Schrodinger, LLC) graphical system.

Obesity and COVID-19

A study conducted in Chinese population reported
that among the SARS-CoV-2 infected old age pa-
tients with comorbidities have more severe course
of COVID-19 compared to the patients of younger
age and without comorbidities [20]. Among various
comorbid conditions, cardiovascular diseases (CVD,
10.5%) contributed the highest fatality rate followed
by diabetes mellitus (7.3%), chronic respiratory dis-
eases (6.3%), hypertension (6.0%) and cancer (5.6%)
[20]. The first study, which has revealed body mass
index (BMI) data among the COVID-19 patients was
from the Seattle region of Washington with a small
sample size of 24 patients (3 normal categories; 7 over-
weight, 13 obese and 1 missing data); however, the
sample sizes are very small for a meaningful statisti-
cal analysis, among them 85% of the obese patients
required ventilation and 65% died compared to those
patients without obesity in which 64% required ven-
tilation and 36% died [21]. A well-known fact that
an increase in adipose tissue has a strong association
with CVD and diabetes mellitus, a high BMI might be

Table 1 Country-wise association studies of obesity and COVID-19
Authors Publication Year Sample size Country Study Design Phenotype Association
Lighter et al. [26] 2020 3615 United States of America Retrospective analysis Acute or critical care  Yes
Qingxian et al. [23] 2020 383 China Cross-sectional Study Severe pneumonia Yes
Simonnet et al. [25] 2020 124 France Retrospective cohort study IMV Yes
Zheng et al. [27] 2020 214 China Multi-center Study MAFLD Yes
Zhou et al. [28] 2020 327 China Multi-center preliminary analy- MAFLD Yes
sis
Huang et al. [29] 2020 1 China Case study Hypoventilation Yes
Petrilli et al. [24] 2020 4103 United States of America Cross-sectional study Hospitalization, IMV ~ Yes
Bello-Chavollaet al. [30] 2020 15529 Mexico Cross-sectional study Diabetes, COVID-19  Yes
Bhatraju et al. 2020 [21] 2020 24 United States of America Case study Ventilation and death  Yes

IMVinvasive mechanical ventilation, MAFLD metabolic associated fatty liver disease
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an important risk factor for severe course of disease,
especially pneumonia, a severe clinical condition of
COVID-19 [22]. Among the 383 COVID-19 patients
admitted in the Hospital of Shenzhen, China it was
found that obese patient showed 2.42-fold increased
odds of developing severe pneumonia, after adjusting
for respective confounders [23]. Another study from
New York City has shown that among 1103 COVID-
19 patients, individuals who have BMI >40kg/m? were
the second strongest predictor of hospitalization, after
old age [24]. A retrospective study from the Univer-
sity Hospital in Lille, France, reported the need for
invasive mechanical ventilation among the COVID-
19 patients with a BMI >35kg/m?, independently of
other comorbidities and disease severity increased
with BMI [25]. Furthermore, different studies from
various countries found consistent associations with
obesity and multiple complications [26-30]. The pos-
sible parameters mediating this higher risk among
overweight and obese patients could be impaired
respiratory mechanics, increased airway resistance
and impaired gas exchange, as well as other known
pathophysiological characteristics of obesity, e.g. low
respiratory muscle strength and lung volume [22, 31].
There are a limited number of studies reported to
date in association with COVID-19 and obesity; some
of the published articles are given in (Table 1).

Comorbidities and clinical problems

Obesity is a medical condition caused by multifac-
torial pathways and links with various comorbidities
and clinical problems. With the difference of study
population and study design there are various co-
morbidities and clinical conditions reported in as-
sociation with obesity. Different research findings
revealed various comorbidities associated with both
general and central obesity cardiovascular and cere-

Fig. 1 Comorbidities and
clinical features shared be-
tween obesity and COVID-
19
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brovascular diseases, type 2 diabetes, hypertension,
gallstones, gastroesophageal reflux disease, malig-
nancies, obstructive sleep apnea syndrome (OSAS),
fatty liver disease, infertility, osteoarthritis, respiratory
dysfunction, respiratory abnormalities, psychiatric
conditions, polycystic ovarian syndrome in women
and even increase the risk of certain type of can-
cer [32-34]. Obesity is a well-known risk factor for
asthma patients. Obese individuals with asthma are
extremely symptomatic and experience a poor quality
of life, in spite of using high dose of corticosteroid
drugs [35]. A lifeline cohort study in the Netherlands
of a total of 89,332 participants showed a strong as-
sociation of obesity and major depressive disorder
(MDD) and anxiety disorder and further suggests to
manage MDD, anxiety disorder and weight loss to
improve mental health of the population [36]. Early
onset, long duration, and excessive obesity aggra-
vated the CVD risk and consequences [37]. Associa-
tion studies between obesity and life expectancy have
showed how early onset of obesity during adulthood
was associated with a decrease in life expectancy of
approximately 6-13 years [38, 39]. A study from the
National Health Survey, USA reported that obesity
during the early adulthood was not only associated
with the reduction of life expectancy but also reduced
number of lives free from diabetes and cardiovascular
diseases in both sexes [40, 41].

The features commonly associated with COVID-
19 are male sex, older age, CVD and diabetes; how-
ever, a Chinese study reported higher BMI to be
more commonly found among nonsurvivors [42]. In
a single-center retrospective study of Wuhan Jin Yin-
Tan hospital (China) it was found that most of the
patients had organ damage, 67% acute respiratory
distress syndrome (ARDS), 29% acute kidney injury,
23% with cardiac injury, 29% with liver dysfunction,
and 2% with pneumonia [43]. A nationwide analysis
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of COVID-19 among cancer patients revealed that
individuals with cancer are more susceptible to in-
fection compared with noncancer patients because
of their systematic immune suppressive state caused
by the malignancy and anticancer treatment, such as
chemotherapy or surgery [44]. Patients with chronic
respiratory syndrome especially chronic obstructive
pulmonary diseases (COPD) and asthma would be at
increased risk of SARS-CoV-2 infection and more se-
vere consequences of COVID-19 [45]. The prevalence
of COVID-19 patients who are already diagnosed
with diabetes is much higher in number than the
estimated national prevalence [45]. In an Italian pop-
ulation studies, diabetes may not increase the risk of
SARS-CoV-2 infection but could worsen the disease
outcome [46]. A meta-analysis done by Jiang et al.
showed that among the severe COVID-19 cases, co-
morbidities like hypertension (21%), diabetes (9.7%),
CVD (8.4%), respiratory system disease (1.5%), are
commonly involved compared with non-severely ill
patients [47]. Details of the comorbidities and clinical
problem shared between obesity and COVID-19 are
given in Fig. 1.

Obese patients are worse than lean patients

The ACE2 is a membrane-bound aminopeptidase and
identified as functional receptor for coronaviruses in-
cluding SARS-CoV and SARS-CoV-2 infections. The
spike protein of the virus triggered binding to the
ACE2 [48]. The expression level of ACE2 between
obese and non-obese individuals is almost similar, al-
beit obese individuals are worse in condition because
of higher presence of adiposity increases the number
of cells expressing ACE2 [49]. In two different stud-
ies, ACE2 expression level in tissues was consistently
found to be higher in the heart, kidney, testis, gallblad-
der, adipose tissue, intestine and bladder compared to
that of lungs [49, 50]. Another cancer database anal-
ysis showed that ACE2 expression levels are found to
be higher among the five types of cancer, i.e. cer-
vical squamous carcinoma and endocervical adeno-
carcinoma (CECS), pancreatic adenocarcinoma, rec-

Fig. 2 Tertiary structure of
a human ACE2 and b RBD 8
of SARSCoV2 spike protein. =
ACE2 and RBD are shown
as publication and tint color
cartoon modes, respec-
tively. Mutant residues are
shown in red sticks

tum adenocarcinoma, kidney renal papillary cell car-
cinoma and kidney renal cell carcinoma than the ad-
jacent tissues [49].

Chronically, obese individuals possess higher con-
centrations of leptin (a pro-inflammatory adipokine)
and lower adiponectin (an anti-inflammatory adipo-
kine). Furthermore, dysregulation of the adipokine
production as a result of adipose tissue expansion can
lead to local or systematic effects on inflammatory
responses, thus contributing to the imitiation and
progression of obesity-induced metabolic and cardio-
vascular complications [51]. At the time an antigen
enters obese individuals, obesity-related chronic in-
flammation causes lesser macrophage activation and
pro-inflammatory cytokine upon microphage stim-
ulation [52]. The decreased macrophage activation
after an antigen present in an obese individual ex-
plains the poor vaccination success, antiviral-resistant
and variants escape from vaccine among the obese
population [53, 54]. In addition, obese individuals are
experiencing with physically inactive and sedentary
lifestyle further impaired immune response against
microbial agents at different stages [55, 56]. Obese
individuals with influenza have higher chances to
spread the disease because the virus stays for a longer
period of time compared to normal individuals [57].
Above that, obese microenvironment enhances the
exposure of novel virulent virus strains because of
the decreased interferon reponses and increased viral
replication [58].

Mutated strains of SARS-CoV-2 have higher
tendency of infection than wild type

The SARS-CoV-2 interacts with host ACE2 protein
through spike S1 subunit of S protein. The binding
of host and viral protein is accomplished through
the interaction of ectodomain also known as RBD
with peptidase (PD) domain of host ACE2 receptor
[59]. The ACE2 is comprised of PD of 19-615 amino
acids and C-terminal collectrin-like domain (CLD) of
616-768 amino acids (Fig. 2a). The RBD of CoV-2
spike protein consists of numerous sheets and large
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Fig. 3 Protein-protein interaction analyses of a ACE2 and
wildtype spike S1 complex, b ACE2 and spike S1 V367F mu-
tant complex and ¢ ACE2 and spike S1 G476S mutant com-
plex. ACE2 is shown in publication cartoon mode while WT,
V367F, and G476S mutants are shown in teal, pale green and

loop regions (Fig. 2b). Polar interactions provide the
interface between SARS-CoV-2 and ACE2. Extended
loop region of RBD interacts largely with helix 1 and
slightly with helix 2 of ACE2. Residues located at both
N-terminal and C-terminal side of helix 1 interact
with residues found in extended loop and other re-
gions of RBD. The T27 (threonine), E35 (glutamate),
D38 (aspartate), Y41 (tyrosine) and K353 (lysine) of
ACE2 interact with Y489, Q493 (glutamine), Y449,
T500, N501 (asparagine) and G502 (glycine) of RBD,
respectively (Fig. 2a). Recent study in different pop-
ulation of Europe, China and the USA has reported
numerous mutated strains of SARS-CoV-2 that are
more contagious than wild type, and arise due to
mutations in RBD of spike protein. The mutations in
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in three letter amino acid codes with black and red color, re-
spectively

spike protein such as V367F (valine 367 to phenylala-
nine), G476S (glycine 476 to serine) and V483A (valine
483 to alanine) have been reported from European
and US populations [60]. Recently, a new strain from
B.1.1.7 lineage emerged from the United Kingdom,
in which asparagine 501 of RBD domain of spike S1
protein is mutated to tyrosine (N501Y) and is more
transmissible than established lineages (Fig. 2b; [61]).
Apart from these mutations, some other mutations
are also reported in other regions of spike protein that
are not directly involved in viral interaction with host
ACE2 receptor protein.

In our analyses, we found that mutations in RBD
increase the affinity of SARS-CoV-2 interaction with
host ACE2. Protein-protein interaction analysis of
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Fig. 4 Protein-protein interaction analyses of a ACE2 and
spike S1 V483A mutant complex and b ACE2 and spike S1
N501Y mutant complex ACE2 is shown in publication cartoon
mode while V483A and N501Y mutants are shown in salmon
and grey color, respectively. Interacting residues are shown

different spike mutant proteins suggest that mutated
RBD interacts with greater binding affinity with ACE2
than wild type RBD. The SARS-CoV-2 spike S protein
of mutant V367F formed 8-10H-bonds (hydrogen
bonds) with host ACE2 receptor protein, mutant
G476S formed 9-11H-bonds, V483A mutant formed
7-8H-bonds and N501Y formed 12-13H-bonds with
host ACE2 protein (Fig. 3 und 4). In contrast, SARS-
CoV-2 spike S wild type protein formed only 5-6 H-
bonds with host ACE2 receptor (Fig. 3a). Maximum
number of H-bonds formed in all mutant ACE2 spike S
complexes as compared to wild type complex suggest
that mutants of spike S protein bind to host ACE2
protein with maximum affinity. Moreover, N501Y
mutant displays higher binding affinity as compared
to wild type and other mutants (Fig. 4b). The above
result indicates that mutant strains of SARS-CoV-2,
particularly N501Y mutant have higher tendency to
cause infection than wild type and also the chance
of infections are more in diabetic persons as they
express high numbers of ACE2 receptor protein.
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Top 10 COVID-19 infected countries with obesity
prevalence

Globally as on 10 January 2021 there have been
88,383,771 confirmed cases and 1,919,126 deaths from
COVID-19 [62]. The USA reported the highest COVID-
19 confirmed cases (21,761,186) followed by India
(10,450,284) and Brazil (8,013,708) and for deaths
USA (365,886) remain in the top position followed by
Brazil (201,460) and India (150,999) [62]. The highest
number of deaths are found in the USA and among
the top 10 COVID-19 infected countries, the reason
could be obesity as a major genesis of comorbidities
where 37.3% of the total population are found under
the category of obesity ([63]; Fig. 3). This could be the
consequences of an inattentive medical condition in
association with obesity and COVID-19 with respect
to various commodities and clinical outcomes [31,
32, 35, 36, 41-45]. To date, numbers of deaths due to
COVID-19 are observed to be increasing with respect
to their countrywide obesity prevalence. As of 10 Jan-
uary 2021 based on the death rate due to COVID-19,
countries with higher prevalence of obesity observed
the higher number of deaths, i.e. USA, Brazil, United
Kingdom (Fig. 5; [64]); however, countries like Russia,
Spain and Germany where the obesity prevalence is
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above 25% of the total population should take ex-
tra precaution for obese patients before facing such
drastic health disaster.

COVID-19 may continue to spread throughout the
world; there are very few countries which are not af-
fected and this pandemic suggests the importance
of investment in health systems, community-led re-
sponse mechanism and need for preparedness and
global health security [65]. Among various risk fac-
tors of COVID-19, it is unclear to show obesity as
an independent risk factor, because of the paucity of
research. Research findings from the different stud-
ies exhibit number of comorbidities are common be-
tween obesity and disease severity and death of the
COVID-19 patients. In this review article obesity is
confirmed as the independent risk factor for COVID-
19 because of the consistency of results found in dif-
ferent studies from various countries. In addition,
countries with higher percentage of obesity observed
to experience greatest number of death and disease
severity, also countries with higher percentage of obe-
sity and higher confirmed cases of COVID-19 should
take precautions because the disease severity might
be increased. Irrespective of the countries, obesity
data, the finding of present review article suggests that
obese patient and health workers, six types of organ
diseases and five types of cancer patients should take
maximum precautions and aggressive treatment in
this present COVID-19 pandemic. Increased physical
activity and regular exercise are positively correlated
with improved metabolic outcomes and immunolog-
ical health and reduce the risk of complications by
modulating inflammation, augmenting the immune
system and improving vaccination outcomes [66].

Conclusion

The present study indicates that mutant strains of
SARS-CoV-2 are more infectious than wild type and
that obese persons are more prone to infection as
they have high ACE2 expression. Caloric restriction
with regular exercise will help to improve the immu-
nity of an individual to fight this present pandemic.
And need more attention and aggressive treatment
among the obese COVID-19 patients who were already
been diagnosed with other diseases and cancer dur-
ing this present scenario. Precaution is not only for
the countries which have high prevalence of obesity;
other countries with lower obesity prevalence should
also take special precautions for those obese COVID-
19 patients. Finally, an extensive research is impor-
tant to further elucidate the underlying mechanism of
COVID-19 and obesity for the improvement of treat-
ment and precaution.
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